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Background: Abdominal aortic aneurysms (AAAs) are frequently familial. The aim of this study was to compare the
prevalence of AAA among the siblings of AAA patients with that in the spouses’ siblings.
Methods: The siblings of 375 AAA patients and the siblings of the spouses of the AAA patients were included in this study
and offered ultrasonography screening for AAA. Participants were asked to complete a questionnaire to collect
demographic and general health information. Statistical analysis was done with Fisher’s exact test. Odds ratios and 95%
confidence intervals were also calculated.
Results: Abdominal ultrasonography examinations were done for 309 individuals. The results indicated that 11 (11.2%)
of 98 brothers of AAA patients, 4 (2.7%) of 147 sisters, and none of the 64 siblings of the spouses of the AAA patients
were found to have an AAA. Combining the information from the ultrasonography screening and medical records on
already known cases of AAA in these families, altogether 29.0% (44/152) of the brothers of AAA patients, 11.1%
(20/181) of the sisters of AAA patients, and 2.3% (2/88) of the siblings of the spouses had an AAA.
Conclusion: There was a significant difference between the siblings of the AAA patients and those of the spouses both in
the frequency of AAA detected by ultrasonography screening and in the overall prevalence of AAA. The overall prevalence
of AAA in the siblings of AAA patients was about eight times that observed among the siblings of their spouses (19.2%
vs 2.3%). These findings confirmed previous reports on high prevalence of AAA among siblings of AAA patients and
emphasized the importance of an ultrasonography screening program for siblings of AAA patients. ( J Vasc Surg 2005;
42:891-7.)An estimated 1% to 2% of the population harbors
abdominal aortic aneurysms (AAAs).1 The mortality of a
ruptured AAA is as high as 80% to 90%, and rupture of an
AAA accounts for a significant fraction of deaths, especially
among older men.2 In contrast, the mortality for elective
open surgery before rupture is only 2% to 6%.3,4 Early
diagnosis of AAA before rupture is, therefore, important for
patients’ survival.
AAAs are frequently familial.5-7 Approximately 15% of
patients with AAA and without any recognizable connec-
tive tissue disorder, such as the Ehlers-Danlos syndrome or
the Marfan syndrome, have a positive family history for
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doi:10.1016/j.jvs.2005.08.002AAA.7 We conducted an ultrasonography screening study
on the siblings of AAA patients and used the spouses’
siblings as controls. The aims of the study were to
1. determine the prevalence of AAA among the siblings of
known AAA patients in a well characterized population
(Nova Scotia), and
2. compare the observed life-time prevalence of AAA
among siblings of AAA patients with that in the spouses’
siblings, with the assumption that they shared similar
environmental exposures and cultural habits and were,
therefore, well-matched controls for the study.
PATIENTS AND METHODS
We used the Johnston et al8 definition of AAA—a
diameter of infrarenal aorta 3 cm—which has been used
by other investigators.9,10 Of the 375 AAA patients (292
men, 77.7%), 254 individuals had been operated on at the
Dalhousie University Hospitals in Halifax, Nova Scotia,
Canada, between 1992 and 2003, either as elective repair
(n  187) or emergency operations (n  67). The
remaining 125 AAA patients were not operated on be-
cause of their general health status or because the aneu-
rysm was 5 cm. We will use the term proband for each
891
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Excluded from the study                 (655; 66.3)* 
1) Resided outside Nova Scotia       (285; 28.8) 
2) Refused to participate                    (97; 9.8) 
3) No response                                   (94; 9.5) 
4) Poor health                                     (82; 8.3) 
5) No contact information                  (58; 5.9) 
6) Under 50 years old                        (25; 2.5) 
7) Other                                              (14; 1.4) 
375 AAA probands 
232 Spouses 
715 Deceased 
988 Alive siblings 
Excluded from the study                                  (249; 73.9)* 
1) Resided outside Nova Scotia         (92; 27.3) 
2) Refused to participate                    (45; 13.4) 
3) Poor health                                     (40; 11.9) 
4) No contact information                  (22; 6.5) 
5) No response                                    (21; 6.2) 
6) Under 50 years old                         (21; 6.2) 
7) Other                                               (8; 2.4) 
337 Alive siblings 
472 Siblings 
135 Deceased 
333 Siblings from 166 families 
participated in the study
88 Siblings from 50 families 
participated in the study
No ultrasonography screening (n=88) 
1) Already known to have an AAA (n=49) 
2) Had negative US in the past 6 months (n=39) 
245 Siblings from 132 families 
screened by US
No ultrasonography screening (n=24) 
1) Already known to have an AAA (n=2) 
2) Had negative US in the past 6 months (n=22) 
64 Siblings from 39 families 
screened by US
15 had an AAA None had an AAA 
Outline of the Nova Scotia AAA study. The objective of the study was to determine the prevalence of AAA among the
first-degree relatives of known AAA patients (referred here as “AAA probands”) in a well-characterized population in
Nova Scotia, Canada. Secondly, we examined two comparison groups, the spouses of the AAA probands, and the
first-degree relatives of the spouses with the assumption that they shared similar environmental exposures and cultural
habits. In the present study we report the findings on the comparison between the two sibling groups, the siblings of
the AAA probands and the siblings of the spouses. The spouse group is smaller than the proband group, because143
AAA probands had no spouses. US, ultrasonography; AAA, abdominal aortic aneurysm. *(number of individuals; %)
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Volume 42, Number 5 Ogata et al 893of these 375 AAA patients, since each of them was the
first affected person in their families who came to our
attention.
We started to recruit AAA patients for the study in
1999 and enrolled retrospectively 315 AAA patients who
were operated on or diagnosed with AAA between 1992
and 1999 and agreed to participate. The patient informa-
tion from this time period was in an AAA database. Patients
to be contacted by phone were selected randomly from this
database. In addition, we had an ongoing prospective re-
cruitment during 1999 to 2003, and altogether, 60 AAA
patients from this time period agreed to participate in the
study. The average age of the 375 AAA patients was 72.1
7.2 years and 90% were Caucasian (n  335).
Pedigrees of the 375 AAA probands were constructed
and consent for contacting the family members was ob-
tained. Both the AAA probands and the spouses were
interviewed, whenever possible, to gather information for
constructing the pedigrees. The study was restricted to
individuals whowere aged50 years. Personnel specifically
trained for this study contacted the first-degree relatives
and spouses of the AAA patients, as well as the first-degree
relatives of the spouses, and invited them to participate in
the study. Written informed consent was obtained from the
participants who agreed to ultrasonography examination of
the abdominal aorta. If an ultrasonography examination or
an equivalent examination such as computerized tomogra-
phy (CT) scan had been completed within the last 6
months, a copy of the report was requested and no addi-
tional ultrasonography examination was done.
Participants were asked to complete a questionnaire
about their general health information (smoking history,
past medical history for hypertension, hypercholesterol-
emia, angina, peripheral vascular disease and diabetes) as
well as gender, race and age.
Observed lifetime prevalence of AAA was calculated by
combining the number of already known AAA cases with
the number of asymptomatic AAA cases identified in this
study using ultrasonography screening.
The study was approved by the Capital Health Re-
search Ethics Board, Nova Scotia, Canada, and the Institu-
tional Review Board of Wayne State University.
Statistical analysis was done by using Fisher’s exact test.
Odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated for prevalence of AAA among family members
Table I. Results of ultrasonography screening for abdomi
Siblings of AAA probands Siblin
n* AAA (%) n*
Male 98 11 (11.2) 26
Female 147 4 (2.7) 38
Total 245 15 (6.1) 64
AAA, Abdominal aortic aneurysm; n, number of individuals examined by a
*245 siblings of the AAA probands were from 132 AAA probands’ families
†Yates’ continuity correction was used.and risk factors such as smoking, hypertension, and hyper-cholesterolemia. Only the siblings of the AAA probands
and the siblings of the spouses were included in the statis-
tical analyses since the numbers of first-degree relatives
other than siblings from the AAA probands’ families and
the spouses’ families were small.
RESULTS
The initial interview of the 375 AAA probands indi-
cated that 232 of the probands had a spouse and that 2175
individuals belonged to one of these two categories: (1)
siblings of the AAA probands (n 1703), or (2) siblings of
the spouses (n  472) (Fig). However, 850 (39.4%) were
deceased and thus not available for the ultrasonography
study. Of the 1325 living individuals, 904 individuals
(68.2%) consisting of 655 siblings of the AAA probands
and 249 siblings of the spouses were excluded from the
study because (1) 377 (28.5%) resided outsideNova Scotia,
(2) 142 (10.7%) refused to participate in the study (3) 122
(9.2%) had poor health, (4) 115 (8.7%) did not respond to
invitations, (5) 80 (6.0%) had no contact information, (6)
46 (3.5%) were 50 years old, or (7) other reasons in 22
(1.7%).
As shown in the Figure the two sibling groups had
similar dropout rates for each of these categories. Alto-
gether, 421 (31.8%) of 1325 individuals from 187 AAA
probands participated in the study (Fig): 333 (33.7%) of
988 siblings of the AAA probands, and 88 (26.1%) of 337
siblings of the spouses.
Although 177 of the 232 spouses (18 of spouses were
deceased and 32 did not participate for other reasons)
participated in the study and 151 of them had an abdominal
ultrasonography examination, we excluded them from the
statistical arm of the study and present the comparison for
the sibling groups only, since most of spouses of the AAA
probands were women (81.4%, 144/177).
When family information was gathered, we found out
that 49 siblings of the AAA probands and 2 siblings of the
spouses were already known to have an AAA (Fig). In
addition, 39 siblings of the AAA probands and 22 siblings
of the spouses had had an abdominal ultrasonography
examination or CT scan within the past 6 months, were
found to have an aorta of normal diameter, and thus were
not rescreened. These findings indicated that 26.5%
[(4939)/333] of the siblings of the AAA probands and
ortic aneurysm in the study
spouses
AAA (%) P OR† CI†
0 (0) .12 6.9 0.4-120.6
0 (0) .58 2.4 0.1-45.4
0 (0) .043 8.7 0.5-146.9
inal ultrasonography; OR, odds ratio; CI, 95% confidence interval.
4 siblings of the spouses were from 39 spouses’ families.nal a
gs of
bdom
and 627.3% [(222)/88] of the siblings of the spouses had
s of t
t smok
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fore the current study.
From the participants, 245 siblings of 132 AAA pro-
bands (73.6%, 245/333) and 64 siblings of 39 spouses
(72.7%, 64/88) had an abdominal ultrasonography exam-
ination (Fig). Table I shows the results of the ultrasonog-
raphy screening for AAA in the two sibling groups. Eleven
of the 98 brothers (11.2%) and 4 (2.7%) of the 147 sisters of
the AAA probands screened were found to have an AAA.
The overall prevalence of AAA in siblings of the 132 AAA
probands as determined by ultrasonography screening was
6.1% (15/245). No AAAwas detected in the siblings of the
39 spouses (0/64, 0%).
There was a significant difference in the prevalence of
AAA detected by ultrasonography screening between the
siblings of the AAA probands and the siblings of the
spouses (P  .043). When the siblings of the AAA pro-
bands were stratified by age younger or older than 65 years,
the prevalence of AAA among the siblings of the AAA
probands65 years old was 8.5% (12/141), 16.7% (9/54)
in men, and 3.4% (3/87) in women (Table II). On the
other hand, the prevalence of AAA among the siblings of
the AAA probands 65 years old was 1.8% (1/57), 0%
(0/21) in men, and 2.8% (1/36) in women. There was,
Table II. Results of ultrasonography screening for abdom
Siblings of AAA probands
65 years old 65
n AAA (%) n
Male 21 0 (0) 54
Female 36 1 (2.8) 87
Total 57 1 (1.8) 141
AAA, Abdominal aortic aneurysm; n, number of individuals examined by a
Since no AAA was detected by ultrasonography screening among the sibling
†Yates’ continuity correction was used.
Table III. Comparison of the risk factor profiles between
the spouses
Siblings of AAA
patients (n  177)*
n (%)
Male 80 (45.2)
Age  SD (y) 69.4  8.4
Ethnicity (Caucasian) 150 (84.7)
Hypertension 73 (41.2)
Hypercholesterolemia 85 (48.0)
Heart attack 22 (12.4)
Peripheral vascular disease 16 (9.0)
Diabetes 26 (14.7)
†Ever smoker 123 (69.7)
AAA, Abdominal aortic aneurysm; n, number of individuals examined by a
*Risk factor information was available from 177 (53.1%) of the 333 siblin
participated in the study.
†Smoking was defined as ever smoker and included current smoker and pashowever, no significant difference in the prevalence of AAAbetween the two age groups (P  .054 in males, P  1 in
females, and P  .11 in all siblings), probably due to the
small sample size.
Detailed demographic and clinical data were collected
using a questionnaire from 177 siblings of the AAA pro-
bands and 48 siblings of the spouses (Table III). Age,
number of males, and ever smokers, as well as the presence
aortic aneurysm stratified by age
old
AA (%) P OR† CI†
9 (16.7) .054 8.9 0.5-159.6
3 (3.4) 1 1.3 0.1-12.4
2 (8.5) .11 5.2 0.7-41.0
inal ultrasonography; OR, odds ratio; CI, 95% confidence interval.
he spouses, only the results of the siblings of the AAA probands are shown.
gs of abdominal aortic aneurysm probands and those of
lings of spouses
(n  48)*
n (%) P OR CI
22 (45.8) 1 1.0 0.5-1.8
68.6  7.6 .55
46 (95.8) .051 0.2 0.1-1.1
20 (41.7) 1 1.0 0.5-1.9
20 (41.7) .51 1.3 0.7-2.5
4 (8.3) .61 1.6 0.5-4.8
4 (8.3) 1 1.1 0.3-3.4
4 (8.3) .34 1.9 0.6-5.7
31 (64.6) .60 1.2 0.6-2.4
inal ultrasonography; OR, odds ratio; CI, 95% confidence interval.
the AAA probands and 48 (53.3%) of the 88 siblings of the spouses who
er.
Table IV. Relative risk of abdominal aortic aneurysm
among smokers in the siblings of the abdominal aortic
aneurysm probands
Ever smoker* Never smoker*
AAA no AAA AAA no AAA OR CI
Male 22 47 1 10 4.7 0.6-38.9
Female 5 49 1 42 4.3 0.5-38.2
Total 27 96 2 52 7.3 1.7-32.0
AAA, Abdominal aortic aneurysm; n, number of individuals examined by
abdominal ultrasonography; OR, odds ratio; CI, 95% confidence interval.
Since there were only two AAA patients among the siblings of the spouses in
the current study, only the result of the siblings of the AAA probands are
shown.
*Smoking information was available from 177 (53.1%) of the 333 siblings of
the AAA probands. Ever smoker included current and past smoker.inal
years
A
1
bdomsiblin
Sib
bdom
gs ofof hypertension, hypercholesterolemia, heart attack, pe-
 Table
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siblings of AAA probands were similar to those among the
siblings of the spouses. Relative risks of AAA among
smokers in the siblings of the AAA probands were OR 
4.7 in males, OR  4.3 in females, and OR  7.3 in all
(Table IV).
Table V shows the observed lifetime prevalence of AAA
in the two sibling groups when all the previously known
cases of AAA and the new AAA cases identified in the
ultrasonography screening were taken into account. AAA
was present in 29% of the brothers (44/152) and 11.1% of
the sisters (20/181) of the AAA patients. The observed
lifetime prevalence of AAA in the siblings of the 166 AAA
probands was 19.2% (64/333). Five percent of the broth-
ers (2/42) of the spouses had an AAA but none of the
sisters (0/46). The observed lifetime prevalence of AAA in
the siblings of the 50 spouses was 2.3% (2/88). There was
a significant difference in the observed lifetime prevalence
of AAA between the siblings of the 166 AAA probands and
the siblings of the 50 spouses (male, P .001; female, P
Table V. Comparison of observed lifetime prevalences of
Siblings of AAA patients Sibling
n* AAA† (%) n*
Male 152 44 (29.0) 42
Female 181 20 (11.1) 46
Total 333 64 (19.2) 88
AAA, abdominal aortic aneurysm; OR, odds ratio; CI, confidence interval.
*The 333 siblings of the AAA probands were from 166 AAA probands’ fam
†All known AAA cases in the study groups were included by combining the n
identified in this study using ultrasonography examinations (see Table I).
‡Yates’ continuity correction was used.
Table VI. Ultrasonography screening studies of abdomin
Authors Country
Bengtsson et al,17 1989 Sweden 
Collin & Walton,18 1989 UK 
Webster et al,19 1991 USA 
Adamson et al,20 1992 UK 
Bengtsson et al,21 1992 Sweden 
van der Lugt et al,22 1992 The Netherlands 
Adams et al,23 1993 UK 
Moher et al,24 1994 Canada 
Fitzgerald et al,25 1995 Ireland 
Larcos et al,26 1995 Australia 
Baird et al,9 1995 Canada 
Jaakkola et al,27 1996 Finland 
van der Graaf et al,28 1998 The Netherlands 
Salo et al,29 1999 Finland 
Rossaak et al,30 2001 New Zealand 
Current study‡ Canada
Total 
*Number of individuals identified with AAA/number of individuals examine
by ultrasonography screening.
†Other refers to relatives other than sisters and brothers of the AAA patient
‡Includes only the ultrasonography screening arm of the current study (see
Modified with permission from Kuivaniemi and Tromp.8.01; all siblings, P  .0001).DISCUSSION
AAAs are a complex multifactorial disease with genetic
and environmental risk factors. Two segregation studies
provided formal statistical proof that a genetic model ex-
plains the familial aggregation of AAA and suggested the
presence of a major gene effect.11,12 Recently, we reported
on a collection of 233 families with at least two individuals
affected with AAA.5 We also reported results on an unbi-
ased, comprehensive genome-wide approach, namely a
DNA linkage study for familial AAA using sex and family
history as covariates, and identified linkage to chromo-
somes 19q13 and 4q31,13 suggesting that these regions of
the human genome harbor genetic risk factors for AAA.
Previously reported risk factors for AAA include aging,
male gender, hypertension, smoking, family history of
AAA, and peripheral arterial disease.14-16 Using the siblings
of the spouses as a control group in the current study, we
made the assumption that the two groups shared similar
environmental exposures and had similar cultural habits,
among siblings of AAA probands to spouses’ siblings
ouses
AA† (%) P OR‡ CI‡
2 (4.8) .001 8.1 1.9-35.2
0 (0) .01 11.7 0.7-197.4
2 (2.3) .0001 10.2 2.5-42.7
nd 88 siblings of the spouses were from 50 spouses’ families.
r of already known AAA cases with the number of asymptomatic AAA cases
rtic aneurysms among first-degree relatives
others*(%) Sisters*(%) Other†(%)
/35 (28.6) 3/52 (5.8)
/16 (25.0) 0/15 (0)
/24 (20.8) 2/30 (6.7) 7/103 (6.8)
/25 (20.0) 3/28 (10.7)
9/62 (14.5)
/56 (28.6) 3/52 (5.8)
/23 (17.4) 1/28 (3.6) 6/23 (26.1)
/48 (18.8)
/60 (21.7) 2/65 (3.1)
0/52 (0)
/26 (26.9) 3/28 (10.7)
/45 (8.9) 1/78 (1.3)
210 (12.4)
11/238 (4.6)
4/49 (8.2)
/98 (11.2) 4/147 (2.7) 0/31 (0)
666 (17.2) 22/523 (4.2) 37/558 (6.6)
ltrasonography. The numbers listed in this table include only AAAs detected
e categories of relatives were not specified.
 I).AAA
s of sp
A
ilies a
umbeal ao
Br
10
4
5
5
16
4
9
13
7
4
26/
11
114/
d by u
, or thsince all participants lived in Nova Scotia, Canada. Also,
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the presence of previously identified risk factors for AAA
(Table III).
In this study, the prevalence of AAA in the siblings of
the AAA probands detected by ultrasonography screening
was 6.1%, 11.2% in the brothers, and 2.7% in the sisters
(Table I). The high prevalence values of AAA among the
siblings are in agreement with previous ultrasonography
screening studies (Table VI).9,17-30 Combining all the pub-
lished results, 114 (17.2%) of 666 brothers and 22 (4.2%)
of 523 sisters of AAA patients were detected to harbor an
AAA. When we compared the siblings who were aged65
years with those aged 65 years in the families of the AAA
probands, there was no significant difference in the preva-
lence of AAA detected by ultrasonography screening (Ta-
ble II). This result might be due to a small number of
participants, however.
When the ultrasonography results were combined with
information about already known cases of AAA in each
family, the observed life-time prevalence of AAA in the
siblings of the AAA probands was 19.2%, 29.0% in the
brothers and 11.1% in the sisters, and 8 times that observed
in the siblings of the spouses (2.3%), 6 times that in the
males (29.0% vs. 4.8%), and 11.1% vs 0% in the females
(Table IV). All comparisons showed significant difference
(male, P  .001; female, P  .01; all siblings, P  .0001).
The high observed prevalence of AAA in the siblings of the
AAA patients in the current study (19.2%) is in agreement
with previous studies based on interviews (6.1% to 35.7%).7
The prevalence of AAA in the siblings of the spouses is
similar to the prevalence found in control groups or in
general populations in previous studies.2,7
Several prospective, randomized ultrasonography screen-
ing studies for AAA have demonstrated cost-effectiveness of
population-based ultrasonography screening programs for
AAA and a decrease in the number of aneurysm-related
deaths.31-38 Several recommendations have been made,
including a recent consensus statement in which Kent et
al39 recommended ultrasonography screening for AAA for
all individuals aged60 years and for those aged50 years
with a family history for AAA and the recommendation by
the US Preventive Service Task Force to screen for AAA in
men aged 65 to 75 years who have ever smoked.40
In our study, the prevalence of AAA in the siblings of
the AAA probands detected by ultrasonography screening
(6.1%, 15/245) was significantly higher than that in the
siblings of the spouses (0%, 0/64; P  .043). Our results
support the proposal39 of using family history for AAA as
one of the screening criteria for AAA; however, larger
studies are required to determine if those individuals with a
positive family history should be screened at younger age.
Male gender is a strong risk factor for AAA.14,15,36 In
this study, the prevalence of AAA in the brothers of the
AAA probands was almost three times that in the sisters
(brothers, 29.0% vs sisters, 11.1%). A similar trend was
observed in the group of the siblings of the spouses (broth-
ers, 4.8% vs sisters, 0%). Smoking is also a well-known riskfactor for AAA,14,15 a finding that was confirmed in the
current study (Table IV).
The biggest limitation of our study was the high drop-
out of eligible participants, although the dropouts were
distributed equally between the AAA families and the fam-
ilies of the spouses. Another limitation was that the total
number of living siblings of the spouses (n  337) was
much smaller than that of the siblings of the AAA probands
(n  988). This was partly because 38% (143/375) of the
AAA probands had no spouses. The average size of the
living sibship ( probands sisters brothers) participat-
ing in the study was 3.0 [(333166)/166] for the AAA
proband families and 2.8 [(8850)/50] for the spouse
families, suggesting that there was no systematic bias in the
recruitment of the spouses’ siblings. In addition, it is pos-
sible that the siblings of the AAA probands were more
motivated to participate in the ultrasonography screening,
since they had an affected sibling and might feel that they
could benefit from knowing if they also had an AAA.
Yet another limitation was that the risk factor informa-
tion was self-reported by the participants without verifica-
tion from medical records. Our study demonstrated the
difficulties in family studies of late-age-at-onset deadly dis-
eases, since approximately 40% of the siblings were no
longer alive at the time of recruitment.
CONCLUSION
To our knowledge, this is the first study that has
compared the prevalence of AAA among the siblings of
AAA patients with that in the spouses’ siblings and demon-
strated a high prevalence of familial AAA. There was a
significant difference between the siblings of the AAA
patients and the siblings of the spouses, both in the preva-
lence of AAA detected by ultrasonography and the ob-
served lifetime prevalence of AAA. These findings empha-
size the importance of ultrasonography screening for AAA
among the siblings of AAA patients.
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